Radar Remote Sensing of Wetlands in Boreal Eurasia and North America for use in
Methane Emission Modeling

Erika Podest), Kyle McDonaldV, Ted Bohn®® , Dennis Lettenmaier ¥, M. Moghaddam®, J. Whitcomb®

(1) Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California; erika.podest@jpl.nasa.gov, kyle.mcdonald@jpl.nasa.gov
(2) University of Washington, Civil and Environmental Eng. Department, Seattle, Washington; tbohn@hydro.washington.edu, dennisl@u.washington.edu
(3) Dept. of Electrical Engineering and Computer Science, The University of Michigan, Ann Arbor;Michigan; mmoghadd@eecs.umich.edu, jpbwhit@umich.edu

In the northern high latitudes, wetlands and open water bodies are comimon-landscape features. Their carbon and methane
emissions can have a large influence on hydrologic processes, surface-atmosphere carbon exchange, and associated impacts on
global climate. It is therefore of great importance to assess their spatial extent and temporal character to improve hydrologic and
ecosystem process modeling. SAR is an eftective tool for this purpose because it is sensitive to surface water and it can monitor
large inaccessible areas regardless of atmospheric conditions or solar illumination. We employ multi-temporal L.-band SAR data
from the Japanese satellites JERS-1 ' and PALSAR to map wetlands and open water bodies in Alaska and at a selection of study
sites within the NEESPI domain, in Eurasia. A supervised decision tree based approach was used to generate the land cover
products. For Alaska, we assembled regional-scale 100 m monthly JERS-1 mosaics from 1998 to assess open water change. DEM’s
and derived slope were also employed to improve classification performance in topographically complex regions where radar
shadowing was prevalent. For selected basins in Eurasia, PALSAR and Landsat data were used in conjunction with JERS-1
imagery to map wetlands and open water change, at 30 m resolution. Products were validated with land cover and open water
maps derived from Landsat, AVHRR; MODIS and SRTM. We examined methods for integrating these products within a
hydrologic and methane modeling construct to investigate how wetland methane emissions respond to climate change.
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Open Water Classification: Eurasia

Objective: Datasets: Approach:
To produce a high resolution, 30 m, classification ~ Palsar (L-Band, 6.25 m, HH polarization); A decision tree based approach was used to generate
of open water bodies over focus basins in Eurasia ~ Landsat ETM (30 m); SRTM DEM (interpolated the open water maps based on the following input
using radar remote sensing. to 30 m). Ancillary products were derived from bands: Landsat band ratio of 5/2; ndvi; dem; derived
these datasets. slope; and radar backscatter.
Upper Volga Basin
Inl{}lt da?asets | Derived datasets | Merged Products
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Synergy Between Optical and Radar Open Water Classifications of the Different Basins

At L-band, open water _ ar ~ Open Water Product

appears very dark because it
acts as a specular reflector.
Areas with little or no
vegetation also appear very
dark and may be confused as
open water. Optical
wavelengths can differentiate
bare surfaces from open
water. However, cloud
coverage is a common
problem with optical data
whereas radar data is

Illustration of Palsar and open water products for three different basins.

use of optical and radar data
is of great advantage for
detecting open water.
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Objective:

To produce a high resolution, 30 m, wetlands
classification over focus basins in Eurasia using
radar remote sensing and ancillary datasets.

Chaya Basin

Wetland Classification: Eurasia

Datasets:

Palsar (L-Band, 6.25 m, HH); Landsat ETM (30
m); SRTM DEM (interpolated to 30 m). Ancillary
products were derived from these datasets.

Approach:

was used.

A supervised decision tree based approach adapted
from the Random Forest Algorithm (Breiman, 2001)

Decision Tree Classifier: Random Forests

Slope

The above images and derived
products have been
coregistered to a common
projection and 30 meter
resolution. They serve as
input layers into the decision
tree classifier.

|| High Biomass Forest - 52%

. Low Biomass Forest - 5%
] High Vegetation Wetland - 13%

Low Vegetation Wetland - 18%

B Low Vegetation Saturated Wetland - 6%

] Open Water - 1%
Agriculture/Nonforest - 5%

Accuracy assessment
was based on validation
pixels not used for
training. Accuracy
varied between 2% and
20% according to class.
However, because of
limited ground truth
data, these values may

vary.

231 km.

y

Landsat/Palsar
Fused

The open water classification
generated previously was used
to mask open water bodies

Image segmentation was
applied using a classification
software known as
Ecognition.

A\ 4

200 km.

Random forest generates a large number of decision trees
(i.e. a forest) based on ground reference (training) data and
input data layers generated for remote sensing and ancillary
data sources. Each decision tree is generated through an
iterative process wherein nodes are split according to the
pixel values in each input data layer covered by the training
data. This continues until nodes can no longer be split.
Each pixel to be classified is run through every decision
tree in the forest. The final class assigned to the pixel is
that class selected by the most decision trees in the forest.
Classification accuracy is determined by comparing the
final classified product to training data withheld during the

generation of the forest.
S 10/30 z /

Data layer variables
X, < 1000 X, > 1000

(e.g., x; could be the
— cl f nod |
| Class of node equals
1 the class of a majority
/3721 2/9 of the pixels in the

values in the DEM
layer) \
X, <16 X, > 1.6 node.
/ \
1 0

Number of pixels in
node for which pixel
class label does not
match node class
label

Decision criterion
chosen so as to
maximize decrease
in Gini index

at current node

2/5 0/16

Total number of
pixels in node

Assemble data layers
]

Mutually co-register data
layers to common projection
and 30 meter resolution

Derive ancillary products
such as slope, ndvi, fusion of
radar and optical

" Create training file based on
ground measurements

I
Apply image segmentation

|
Mask data layers to exclude
open water

1
Set operating parameters
and run Random Forest

Wetlands
classification

Wetland Classifications of the Different Basins

7. Dvina Basin
R I T g

. Forest

Nonforest/Agriculture/Floodplain . Open Water

Low Vegetation Wetland

Syum Basin

. Low Vegetation Saturated Wetland




Open Water for Use in Methane Emissions Modeling

Objective:

To use 30 meter multi-temporal open water maps as input
into a methane emissions model to assess how changes in
open water affect methane emissions across a season.

Model Description

Datasets and Models:

JERS-1 (L-Band, 12.5 m, HH); Landsat ETM (30 m); SRTM DEM (interpolated to 30 m).

Hydrogical model (VIC);

Ecosystem process model (BETHY); Walter and Heimann methane emissions model

Variable Infiltration Capacity (VIC)
Macroscale Hydrologic Model

Our modeling framework consists of the Variable Infiltration

Spatial Hetergeneity: TOP-Model

Process Flow

Capacity (VIC) hydrological model (Liang et al., 1994),

Grid Cell Vagetation Coverage

enhanced with ecosystem processes taken from the Biosphere Gell Sneray and Moiskre g 0 Steep — low «, deep Zw, Gridded = | v/1c
Energy Transfer Hydrology (BETHY) terrestrial carbon model A—/ Metgorologmal /=
(Knorr, 2000), and coupled to the wetland methane emissions 02 Account for \ 2 : Forcings / \
model of Walter and Heimann (2000). The models are linked as E A ariabie Infitration Curve Lheeteipiiaelit tan3; Local_wetliess mdetx ,’;i T (@il Zwt Soil T
follows: the VIC (enhanced with carbon cycling processes from % R hete ier y . :angyzsl 35:1 c;?élpr; uting area mean op
the BETHY model (Knorr, 2000)) component runs at an hourly My ] — & uene w table depth arr; ~ / direction :
time step, simulating, among other variables, soil temperature,  vLayert /?1@\ f | | Ve — SHTACE = Local water table depth TOPMODEL
soil moisture, and net primary productivity (NPP). At the end of “*‘;‘\QH/ O e 7S Water ZWt; = LWt ean — MK~ Kipean) l
the simulation, these hourly time series are aggregated to daily  teverzf A e Baseﬁg:”:: Y table m = calibration parameter Zwt(x,y)
values, and VIC’s daily soil moisture is converted to a daily L& I . s v
distribution of water table depths across the catchment. Then, g " Flat, !afg? J\ ----Soil surfacf Methane Emission Model
for each day, the resulting distribution of water table depths is ) s contributing E 5 (Walter and Heimann 2000)
discretized, and methane emissions are estimated (via the Layor 2 ol Mot W AU — g, — E ‘
methane emissions model of Walter and Heimann (2000)) asa  The VIC model: shallow 2w, Z Fmean = :
function of soil temperature, NPP, and water table depth for each 1. Performs on large, “flat” grid cells (ex. A E CH,(xy) = {Zwi(xy),SoilT,NPP)
water table value in the discretized distribution. The total 100x100 km.) . 5 The above flowchart indicates the
methane emission of the grid cell, then, is the area-weighted sum 2- Generates hourly simulations of: VBIERS SR i § sequency of steps and input

soil temp., water table depth (Zy,1), NPP,

of the methane emissions from all of the discrete values of the

water table depth other hydrologic variables

TOPMODEL (Beven and Kirby, 1979)

Pixel Count

parameters needed to model
methane emissions

Model Simulation: Chaya Basin

Swath Coverage over the Chaya Basin Multi-temporal Open Water Maps

) - — - ; year 1995, given
Multi-temporal JERS-1 data from =, ol JERS ‘ _— Model by JERS open water
1995 were used to to produce open ‘ ) ,.,f'l ; : b classification (a) and process-
o . & 29 .
water maps. For the modehng — . T ¥ /I i saturated” : based r.nodel'mg frame\york (b).
; I i o ol ,,’ water table  |...Blue pixels in (a) contained open
component, two open water image . j 57°30° 57°30 5 " Rater on day 143 but not day
. ! k 1 -
swaths were chosen based on their - ¢ / above-40em | e pixels contained open
overlap and day of acquisition. The / ™ I Bog ~ S water on day 100 but not day
first swath was acquired on April 10, y : VN 143. In panel (b), blue pixels had
. y w pool/ridge| " ; P water table depth shallower than
1995 (red) and the second on May 23, = B A . complex i =0 40 om below the surface on day
1995 (yellow). These days represent ‘ : _ % A Y | / ¥ Al l[- 143 and deeper than 40 cm below
r & 7 [ i, N ;T ! ' i i
wide variations in open water = s / ; | | : o b Fhe3 (s)urface on c(llayi}}?()' Pixel size
) . Ja e _ , 57°00" i, {57000 57700 =g 157708 30 arc seconds. lhere 18 some
saturation. Red swath- April 10, 1995 . ] o : : .:'lr"iI" correlation between simulated
Ref Yellow swath- May 23, 1995 April 10, 1995 May 23, 1995 8 25 83" 8 25 83" and observed saturation, but the
eferences ' — . _ — : : - model prediction could be
Knorr, W., 2000, Annual and interannual CO, exchanges of the terrestrial biosphere: process-based simulations and uncertainties, Global Ecol. Biogeogr., 9, 225-252. ; Liang, X., Lettenmaier, D., Wood, - i i - ﬁ- . db librati h
E., and Burges. S,. 1994. A simple hydrologically based model of land surface water and energy fluxes for general circulation models, J. Geophys. Res., 99(D7), 14415-14428. ; Walter, B. and Heimann, | -0.04 -0.02 0.00  0.02  0.04 1 0 1 lmproved by calibration wi

M. 2000, A process-based, climate-sensitive model to derive methane emissions from natural wetlands: application to five wetland sites, sensitivity to model parameters, and climate, Glob. Biogeochem.
Cycles, 14(3), 745-765. ; Beven, K J, and Kirkby, M J, 1979, A physically based, variable contributing area model of basin hydrology, Hydrol. Sci. Bull., 24,43-69. ; Breiman, L., 2001. Random Forests.

Machine Learning, 45, 5-32. Open source software at: www.stat.berkley.edu/~brieman/randomforests.
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Alaska Wetlands Map Derived from L-band JERS-1 SAR Mosaics
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acquisition
date

Ground reference data layer for Alaska (composite of NWI and AGDC Data layers employed include maps of wetlands ground

. . reference data, DEM, JERS-based open water maps, Whitcomb, Moghaddam, McDonald, Kellndorfer, and Podest,
dgtabases). Although all classes shown in the legend are present in SAR acquisition date, image texture, proximity to water 2008 (in review).
this ground reference set, some of them have a small number of pixels map.
and are not visible at the resolution scale of this figure.
Open Water Mapping Alaska 100m JERS-1 Mosaic Alaska 300m USGS DEM Kuparuk River  Supervised
The Alaska JERS-1 mosaic b a7 F
was assembled with T ; 5
imagery from Summer 1998 Adoir t:_f‘ '*‘,;\" 80 km
when surface water is in a o gl o
liquid state and in some : " | 13

cases at its maximum
throughout the year. The
USGS DEM was co-
registered to the JERS-1
mosaic. It therefore has a
resolution of 100m. Two
classification approaches
were applied, a supervised
and an unsupervised
approach. The DEM was

u§ed 19 MES < OULEIEES @ Within the 6400 km? region of the Kuparuk River, the supervised classification maps 14.5% of the
high topography were

shadowing was prevalent ™ N landscape as open water, whereas the unsupervised technique shows 21.4% as open water. Within
9 P ' Supervised Classification Unsupervised Classification the Yukon-Kuskokwim Delta region, 16.5% and 15.0% are mapped as open water by the
supervised and unsupervised techniques, respectively.

Yukon-Kuskokwim Delta
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Alaska- Assessment of Monthly Open Water Change

An assessment of seasonal open water
change was performed for Alaska. For
this purpose, monthly JERS-1 mosaics
were assembled at 100 meter resolution
from January through October 1998, as
shown on the right. A USGS DEM of the
entire state was used to mask out areas of
complex topography were radar
shadowing was confused as open water.
An supervised decision-tree based
approach was applied. Open water
change analysis was performed across
areas with monthly overlaps where water
was 1n a liquid state.

June 1998

Yukon Delta 4 North Slope
An assessment in open Open water
water change was change was

performed for &

performed for the
the months of,

60 km

months of June, July, et

and September. The JurgleAJuly, 2 _ o P
three images on the top ¥ and August. &% LR A R (0 R
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(in blue) overlayed to the SN @ s Ol

JERS image. The images . SV/I;S; open the JERS 1mage and the
on the bottom are Less open DOLOIISHORSIOP cn
comparisons of open VIZIaterh water change relative to £
water change relative to Bl Mo change June. 5
June. The table on the  Open Water Change Open Water Change
right shows the percent  Relative to June Relative to June o
0 0 Jul. 7.7% 2.79
i;l;’t;l;dtgiﬂlefber Jslélp gi (;Z gg (;Z Open water change Open water change A, 6.9‘;2 3 2(2 June/July June/August
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